Abstract Cytomegalovirus (CMV) infection induces profound changes in different subsets of the cellular immune system. We have previously identified an immune risk profile (IRP) where CMV-associated changes in the T cell compartment, defined as a CD4/CD8 ratio<1, are associated with increased mortality in elderly people. Since natural killer (NK) cells have an important role in the defense against viral infections, we examined whether the expansion of CD8+T cells seen in individuals with CD4/CD8 ratio<1 is coupled to a parallel skewing of the NK cell compartment. A number of 151 subjects were examined with CMV serology and a flow cytometry panel for assessment of T cell and NK cell subsets. CMVseropositive individuals had higher frequencies of CD57+and NKG2C + NK cells and lower frequencies of NKG2A + NK cells, in line with a more differentiated NK cell compartment. Intriguingly, however, there was no correlation between CD4/CD8 ratio and NK cell repertoires among CMV-seropositive donors, despite the profound skewing of the T cell compartment in the group with CD4/CD8 ratio < 1. Conversely, donors with profound expansion of NK cells, defined as NKG2C + NK cells with high expression of CD57 and ILT-2, did not display more common changes in their T cell repertoire, suggesting that NK cell expansion is independent of the T cell-defined IRP. Altogether, these results indicate that the effect of CMV on CD8 T cells and NK cells is largely nonoverlapping and independent.
Introduction
Since the beginning of the 20th century, there has been a continuous increase of the mean life span in the industrialized world and in many countries: the oldest old is the fastest growing age segment of the population. With increasing age, a constellation of changes occur in the immune system, diminishing its function and resulting in a greater susceptibility to infections and a reduced response to vaccination. This phenomenon has been called immunosenescence and lately increasing evidence suggests that infection with human cytomegalovirus (CMV) contributes to this development (Grubeck-Loebenstein et al. 2009; Koch et al. 2007; Pawelec et al. 2009; Olsson et al. 2000; Wikby et al. 2002) .
CMV infects a large proportion of the population early in life. Depending on socioeconomical conditions, CMV seroprevalence is about 60-90 % in the adult population and seroconversion continues to occur throughout life (Hecker et al. 2004) . As for all human herpes viruses, the primary infection is followed by lifelong latency with occasional reactivations. In a healthy person, primary infection usually is subclinical or associated with mild symptoms, but in immunocompromised individuals or congenitally infected neonates, CMV infection can cause severe clinical consequences. Although generally considered an innocent infection in the immunocompetent host, accumulating evidence is now suggesting that this chronic infection may have profound effects on the immune system also in healthy adults. CMV encodes several highly immunogenic antigens and a high proportion of the total CD8 + T cell repertoire is specific for CMV in seropositive donors (Kern et al. 1999 (Kern et al. , 2002 Lidehall et al. 2005; Sylwester et al. 2005) . CMV infection increases the lymphocyte count and tilts the composition of the T cell compartment towards a lower frequency of naive T cells and accumulation of memory T cells with a late differentiated phenotype (Chidrawar et al. 2009; Derhovanessian et al. 2010; Pawelec et al. 2009) . Recently, animal studies have shown that infection with murine CMV induces a massive accumulation of effector memory T cells in aged mice, resulting in impaired T cell mediated antiviral protection, thus strongly supporting a causative role for CMV in immunosenescence (Mekker et al. 2012; Cicin-Sain et al. 2012) .
In our previous Swedish OCTO and NONA Immune Longitudinal Studies, we have examined the immune status of the oldest old (>85 years; Olsson et al. 2000; Wikby et al. 1998 Wikby et al. , 2002 . A subset of the individuals displayed a combination of increased CD8 + T cells and decreased CD4 + T cells together with a poor proliferative response to mitogenic stimulation (Ferguson et al. 1995) . Longitudinal data showed this pattern to be predictive of increased 2-year all-cause mortality and strongly associated with CMV infection (Ferguson et al. 1995; Wikby et al. 1998; Olsson et al. 2000) . This combination of immune parameters has been designated the immune risk profile (IRP), later defined as a CD4/CD8 ratio < 1.0 (Wikby et al. 1998 ). The IRP thus seems to identify a subgroup of elderly with a more pronounced immunosenescence and increased shortterm mortality for which CMV infection might be a necessary, but not sufficient, risk factor.
The present study is part of the new populationbased Swedish HEXA Immune Longitudinal Study of 66-year-old individuals, representing an effort to extend the studies of immunosenescence and IRP to the younger elderly (Strindhall et al. 2013) . In this age group, it is yet uncertain whether an inversed CD4/CD8 ratio corresponds to increased mortality and truly defines an IRP. Since natural killer (NK) cells have an important role in the defense against viral infections and display profound changes throughout the lifespan (Le Garff-Tavernier et al. 2010; Biron et al. 1996; Beziat et al. 2013) , we set out to examine whether expansion of CD8 + T cells seen in individuals with an inversed CD4/CD8 ratio is coupled to a parallel skewing of the NK compartment. NK cells belong to the innate arm of the immune system and provide a rapid first line of defense against viral infections and may also contribute to the clearance of transformed cells (Lanier 2005; Vivier et al. 2008) . Humans lacking NK cells are susceptible to severe infections with human herpes viruses, including CMV (Biron et al. 1989; Orange 2002) . Intriguingly, recent evidence in mice suggest that NK cell responses to an array of chemical and viral antigens also involve adaptive immune features such as expansion and contraction of subpopulations of NK cells with specific and heightened responses to subsequent rechallenges with the same antigen (O' Leary et al. 2006; Paust et al. 2010; Sun et al. 2009 ). In humans, such adaptive behavior has been observed in the context of both acute and latent CMV infection (Foley et al. 2012; Guma et al. 2006b; LopezVerges et al. 2011) . Thus, NK cells expressing the activating receptor NKG2C expand specifically during acute infection or viral reactivation in immunocompromised patients (Foley et al. 2012; Kuijpers et al. 2008; Lopez-Verges et al. 2011) . In some individuals, such expansions lead to imprints in the NK cell receptor repertoire that remain stable over several years also during viral latency (Beziat et al. 2013) .
Here, we examined if CMV-induced changes in the T cell compartment were associated with increased dynamics also in the NK cell compartment. Surprisingly, our data show that CD8 T cell and NK cell expansions in CMVseropositive individuals were neither positively nor negatively correlated, indicating that these cells are independently affected by CMV infection.
Material and methods

Study population
The study population consisted of a subgroup from the Swedish HEXA cohort, which is a population-based sample of 66-year-old inhabitants of the town of Jönköping, Sweden (Strindhall et al. 2013) . From the original cohort of 424 participants (HEXA-1), 50 subjects with CD4/CD8 ratio less than one and a random selection of individuals with CD4/CD8 ratio more than 1.2 (n=101) were invited to a new sampling (HEXA-2) for further flow cytometry analysis. From these 151 (78 male and 73 female) subjects, new blood samples were collected and analyzed. All participants signed a consent form and the study protocol was approved by the regional ethics committee (Linköping University, M76-08).
Preparation of specimens
Venous blood in EDTA tubes were drawn in the morning (8-12 a.m.) and analyzed the same day.
CMV serology
IgG antibodies against CMV were determined in plasma with a commercially available ELISA kit according to the manufacturer's instructions (Zeus Scientific, Electra-Box Diagnostica, Stockholm, Sweden).
Absorbance was measured and an optical density (OD) ratio was calculated. OD ratio values were interpreted as negative (<0.90), equivocal (0.91-1.09) and positive (≥1.10).
Flow cytometry
Data were acquired using a FACSCanto flow cytometer (BD Biosciences) for the calculation of absolute numbers as well as proportions (%) of lymphocyte subsets. Briefly, 50 μl of whole blood was stained with 5 μl of an antibody cocktail containing the following antibodies: CD3 APC-H7 (clone H7 SK7 [8] [9] [10] [11] ), CD4 FITC, CD8 FITC (BD Biosciences), CD27 APC, CD28 PerCP-Cy5.5, CD45 PerCP-Cy5.5, CCR7 PE and CD56 PE-Cy7 (clone NCAM16.2; BD Biosciences) for 15 min in room temperature in the dark. Thereafter, 450 μl of BD FACS™ Lysing Solution was added, and samples were subsequently analyzed using BD TrueCount™ tubes for accurate calculation of the lymphocytes concentrations. For NK cell subsets, 100 μl whole blood was stained with 5 μl CD3 APC-H7 (BD Biosciences, clone H7 SK7 [8] [9] [10] [11] ), 5 μl NKG2A APC (R&D Systems, clone 131411), 5 μl NKG2C PerCP (R&D Systems, clone 134591), 5 μl CD56 PE-Cy7 (BD Biosciences, clone NCAM16.2), 10 μl CD57 FITC (BD Biosciences, clone HNK-1) and 10 μl ILT-2 PE (BD Biosciences, clone GHI/75) and incubated for 15 min at room temperature in the dark. Thereafter, 2 ml of BD FACS™ lysing solution was added and the tube was incubated for another 15 min before centrifugation and repeated washing and finally 500 μl of BD FACS™ lysing solution was added and samples were analyzed. Flow cytometry data was analyzed using FlowJo software version 9 (Tree Star).
To analyze potential repertoire skewing in the NK cell compartment in relation to differentiation status of the T cells, we established a flow cytometry panel for assessment of T cell and NK cell subsets ( Fig. 1a and b) . In order to verify that an inversed CD4/CD8 ratio represented not only an increased number of CD8 + T cells but also an expansion of highly differentiated T cells, we analysed T cells markers defining naive T cells (CCR7 + CD27 + CD28 + CD45RA+), late differentiated effector memory T cells (CCR7-CD27-CD28-CD45RA-) and terminally differentiated effector memory T cells, the so-called TEMRA cells (CCR7-CD27-CD28-CD45RA+). The NK compartment consists of two major subsets: the CD56 bright NK cells, which represent approximately 10 % of circulating NK cells and are considered immature, and the CD56 dim cells, constituting approximately 90 %, that are the mature subset. In this study of signs of differentiation, we focused on CD56 dim NK cells only. This was a relatively well-defined cell population that was gated manually in a blinded fashion. The NK cell analysis included NKG2A and NKG2C, which are inhibitory and activating receptors, respectively, binding to the nonclassical human leukocyte antigen (HLA) class I molecule HLA-E (Lanier 1998; Moretta et al. 1996) . We also assessed the frequency of ILT-2 + and CD57 + NK cells, which both have been demonstrated to have an increasing frequency on NK cells throughout life (Le Garff-Tavernier et al. 2010) . ILT-2 binds the CMVencoded UL18 protein and is together with CD57 upregulated on terminally differentiated T and NK cells following acute CMV infection (Northfield et al. 2005; Lopez-Verges et al. 2011 ).
Statistical analysis
For each group, normality of the data was calculated using Agostino and Pearson omnibus normality test. For multiple group comparisons, when all groups compared expected or not a normal distribution, one-way analysis of variance or Kruskal-Wallis nonparametric tests were applied respectively. In the relevant figures, n.s. indicates not significant, *** indicates p<0.001, ** indicates p<0.01 and * indicates p<0.05. Analyses were performed using GraphPad software.
Results
Accumulation of CD8+T cells in individuals with an inverted CD4/CD8 ratio
In the present cohort, 118 out of 151 (79 %) individuals were CMV-seropositive. As expected, antibodies to CMV were more common in this group, where 47 of 50 (94 %) were CMV-seropositive compared to the group with CD4/CD8>1, where 71 of 101 (70 %) had detectable antibodies (p=0.006). As described in Fig. 2a , we divided the donors in three groups based on CMV seropositivity and CD4/CD8 ratio: CMV-negative with CD4/CD8<1 (n=3) or >1.2 (n=30) ( referred as CMV-, n=33), CMV-positive with CD4/CD8>1.2 (referred as CD4/CD8>1.2, n=71), and CMV-positive with CD4/CD8<1 (referred as CD4/CD8<1, n=47). The CD4/CD8<1 group had a lower CD4 count than the other groups, but the most prominent difference was an increased CD8 count in the CD4/CD8<1 group, indicative of CD8 T cell expansion (Fig. 2b-c) . The strong link between CMV seropositivity and CD4/CD8<1 was substantiated by the fact that CMV-seronegative individuals displayed similar CD4 and CD8 T cell counts as those who were CMV-positive with CD4/CD8>1.2 ( Fig. 2b and c) .
Normal NK cell repertoires in individuals with CD4/CD8<1
To determine whether CD8 T cell expansions in individuals with CD4/CD8<1 were associated with corresponding changes in the NK cell compartment, we monitored distinct NK cell subsets and stratified the donors based on their CMV seropositivity and CD4/CD8 ratio. The total number of NK cells and the ratio of CD56 bright /CD56 dim NK cells were similar in all groups (Fig. 3a-c) . There was a tendency (p=0.052) towards a lower proportion of NK cells in the lymphocyte subset in the CD4/CD8<1 group, probably reflecting the relative expansion of CD8 + T cells in this group (Fig. 3a) , but there was no correlation between absolute numbers of NK cells and CD8 + T cells. CMV-seronegative subjects had higher frequencies of NKG2A + NK cells compared to CMVseropositive individuals with rather similar levels in individuals with or without an inversed CD4/CD8 ratio (Fig. 3d) . Consistent with numerous previous reports, NKG2C + NK cells were more common in CMVseropositive individuals. Intriguingly, however, the CD4/CD8<1 group displayed similar frequencies of NKG2C + NK cells as the group with normal CD4/CD8 ratio despite their profound skewing of the T cell compartment (Fig. 3d-e) . The expression of CD57 and ILT-2 showed a large inter-individual variation with frequencies from <10 % up to >90 % in the CD56 dim subset and no significant differences were noted across groups (Fig. 3d-e) .
Clonal expansion of NKG2C + NK cells is independent of CD4/CD8 ratio
We recently reported that past CMV infection is associated with stable imprints in the human killer cell immunoglobulin-like receptor (KIR) repertoire caused by clonal-like expansion of NK cells expressing selfspecific KIRs (Beziat et al. 2013 ). An important characteristic of such expanded cells was their differentiated phenotype with high expression of CD57 and ILT-2. As shown in Fig. 3d -e, a subset of individuals in the present cohort displayed high frequencies of NKG2C + cells. In the absence of a complete coverage of the KIR repertoires, we defined NK cell expansions based on the frequency of NKG2C + NK cells in conjunction with high expression of CD57 and/or ILT-2 (Fig. 4a) . Strikingly, the occurrence of NK cell expansions was independent of the CD4/CD8 ratio (Fig. 4b) . When combining the T and NK cell analysis, the cohort could be divided into five groups based on CMV serostatus, CD4/CD8 ratio and whether or not the individual had an expanded NK cell subset: (1) CMV-seronegative donors, (2) CMV-seropositive donors without any visible imprints in their immune repertoire, (3) CMVseropositive donors with only CD8 T cell expansion, (4) CMV-seropositive donors with only NK cell expansion and (5) CMV-seropositive donors with both CD8 T cell and NK cell expansion (Fig. 4c) . Thus, Fig. 2 Influence of CMV on the T cell compartment. The subjects were divided into three groups based on CMV seropositivity and CD4/CD8 ratio: CMV-(n=33), CMV + CD4/CD8>1.2 (referred as CD4/CD8>1.2, n=71), and CMV + CD4/CD8<1 (referred as CD4/CD8<1, n=47) (a). The CD4/CD8<1 group had a lower (p=0.021) CD4 count than the CMV-and CD4/ CD8>1.2 groups (b), but the most prominent difference was an increased CD8 count in the CD4/CD8<1 group, indicative of CD8 T cell expansion (c). The median value is indicated for every group.
among the 118 CMV-seropositive donors, 34 (28.8 %) displayed perturbations in the CD8 T cells compartment but not in the NK cell compartment and 17 (14.4 %) displayed perturbations of the NK cell compartment but not in the CD8 T cells compartment. Furthermore, 13 (11.0 %) of the CMV-seropositive donors displayed changes in both cellular subsets (Fig. 4c) .
Clonal expansion of NKG2C + NK cells is largely independent of T cell differentiation status
An inversed CD4/CD8 ratio has been used as a surrogate marker for an increased proportion of highly differentiated T cells, but in order to address this more directly, we analyzed T cell differentiation status and Fig. 3 Normal NK cell repertoires in individuals with an inverted CD4/CD8 ratio. The total number of NK cells and the ratio of CD56 bright /CD56 dim NK cells were similar irrespective of CMV seropositivity and CD4/CD8 ratio of the donors (a-c). CMV-seronegative subjects had higher frequencies of NKG2A + NK cells compared to CMV-seropositive individuals but the levels were similar in individuals with or without an inverted CD4/CD8 ratio (d-e). NKG2C + NK cells were more common in CMV-seropositive individuals, but there was no significant difference according to CD4/CD8 ratio (d-e). The expression of CD57 and ILT-2 showed a large inter-individual variation, but there was no significant difference between individuals with or without an inversed CD4/CD8 ratio (d-e). The median value is indicated for every group correlated this to clonal expansion of NK cells. As expected, individuals with an inversed CD4/CD8 ratio displayed a decrease in naive (CCR7 + CD27 + CD28 + CD45RA+) T cells and an increase in effector memory (CCR7-CD27-CD28-CD45RA-) and TEMRA (CCR7-CD27-CD28-CD45RA+) cells compared to CMVseropositive subjects without an inversed CD4/CD8 ratio or, even more pronounced, compared to CMV-seronegative subjects ( Fig. 5a-b) . This corroborates the view that an inversed CD4/CD8 ratio is due to an accumulation of terminally differentiated CD8 + T cells in this group. The absolute numbers and frequencies of naive, effector memory and TEMRA cells in both the CD4 + and the CD8 + subset were generally independent of NK cell expansion (Fig. 5a-b) . The only exception was a slightly increased number of CD4 + TEMRA cells in CMV-seropositive Fig. 4 NK cell expansion and correlation to CD4/CD8 ratio. Representative staining of donors with and without NK cell expansions, defined as high expression of NKG2C + in conjunction with CD57 and/or ILT-2 (a). NK cell expansions were more common in CMVseropositive donors but independent of CD4/CD8 ratio (b). When combining the T and NK cell analysis, the cohort could be divided into five groups based on CMV serostatus, CD4/CD8 ratio and whether or not the individual had an expanded NK cell subset or not: CMV-seronegative donors (CMV-), CMV-seropositive donors without any visible imprints in their immune repertoire (CMV + CD4/CD8>1.2 Exp-), CMV-seropositive donors with only CD8 T cell expansion (CMV + CD4/CD8<1 Exp-), CMVseropositive donors with only NK cell expansion (CMV + CD4/CD8>1.2 Exp+) and CMV-seropositive donors with both CD8 T cell and NK cell expansion (CMV + CD4/CD8<1 Exp+) (c).
individuals who also displayed an NK cell expansion (Fig. 5b) .
Discussion
With increasing age, the immune system is gradually attenuated, a phenomena called immunosenescence, resulting in increased morbidity and mortality from infectious diseases and a reduced response to vaccination (Grubeck-Loebenstein et al. 2009 ). The cellular and molecular basis for this deterioration is complex and not fully understood. Most focus has been on T cells where an accumulation of terminally differentiated CD8 + cells is seen in a subgroup of elderly. The expansion of CD8 T cells is tightly linked to past CMV infection and has been associated with short-term mortality (Ferguson et al. 1995; Wikby et al. 1998 Wikby et al. , 2002 Wikby et al. , 2008 . A CMV-driven expansion of CD8 T cells, resulting in an inverted CD4/CD8 ratio, has also been demonstrated in other cohorts, such as patients with common variable immune deficiency (Marashi et al. 2012) . Recent studies have revealed that CMV infection has major effects on the NK cell compartment in some individuals, manifested as clonal-like expansions of terminally differentiated and functionally reprogrammed NK cells (Guma et al. 2004; Foley et al. 2012; Beziat et al. 2013) . Our results indicate that the influence of CMVon these two phenomena occur independently. Thus, by analyzing cellular components of both the innate and the adaptive arm of the immune system, combined with follow-up studies of prognosis, future studies may address the possibility to refine prognostic factors for immunosenescence.
Out of the 151 examined subjects, 50 had a CD4/CD8 ratio of less than one. The low CD4/CD8 ratio in this group was mainly due to an increase in CD8 + T cells and was associated with a very high CMV seropositivity rate (94 %), which is in line with our previous results (Olsson et al. 2000; Strindhall et al. 2013; Wikby et al. 2002) . As confirmed in this study, the increased number of CD8 + T cells in subjects with CD4/CD8<1 represents an accumulation of highly differentiated memory T cells, and others have shown these cells to be specific for CMV (Hadrup et al. 2006; Olsson et al. 2000) . In parallel, acute and latent CMV infection is associated with the expansion of NK cells with a distinct phenotype (CD57 + NKG2C+; Foley et al. 2012; Guma et al. 2006a; Lopez-Verges et al. 2011; Beziat et al. 2013) . We recently reported that such NK cell responses to CMV infection lead to stable imprints in the KIR repertoire driven by a clonal-like expansion of NK cells expressing either NKG2C or activating KIRs (Beziat et al. 2013) . Confirming previous studies, the expansion of NKG2C + NK cells was seen in approximately 25-30 % of the CMV-seropositive donors in the present cohort. However, intriguingly, when stratifying the donors based on skewing in both the T and NK cell compartments, we found that there was no correlation between the two events. Thus, among the CMVseropositive donors, some displayed perturbations in the CD8 T cells compartment but not in the NK cell compartment and vice versa, whereas a minor fraction displayed changes in both cellular subsets. Even when examining the T cell differentiation status in more detail, analyzing naive, effector memory and TEMRA cells, there was generally no correlation with NK cell expansion, indicating that CMVaffects T cells and NK cells in a largely nonoverlapping and independent way. Furthermore, although the CD4/CD8<1 group had an accumulation of highly differentiated T cells, we could see no parallel increase in mature NK cells defined as CD56 dim CD57 + cells in this group. Also, the inhibitory receptors NKG2A and ILT-2 were expressed equally in the CD4/CD8<1 and the CD4/CD8>1.2 groups. The expression of CD57 and ILT-2 showed a large variation with frequencies from <10 % up to >90 % in the CD56 dim subset. The highest expression was seen in CMVseropositive individuals, but the lack of significant differences between the groups is somewhat surprising since others have found CMV to increase expression of CD57 and ILT-2 (Lopez- Verges et al. 2011; Northfield et al. 2005) . Still, this outcome further suggests that the skewing of the T cell compartment that defines the CD4/CD8<1 group is disconnected from changes in the NK cell compartment.
CMV infection generates a surprisingly strong immune response, representing 5-25 % of the CD8 + T cell pool even in healthy asymptomatic donors (Lidehall et al. Fig. 5 T cell differentiation status in correlation to NK cell expansion, CD4/CD8 ratio and CMV serostatus. Absolute numbers and frequencies of naive (CCR7 + CD27 + CD28 + CD45RA+), effector memory (CCR7-CD27-CD28-CD45RA-) and TEMRA (CCR7-CD27-CD28-CD45RA+) T cells in the CD8+ (a) and CD4+ (b) compartments correlated with NK cell expansion, an inversed CD4/CD8 ratio and CMV serostatus. An inversed CD4/CD8 ratio was associated with a decrease in naive T cells and an increase in effector memory and TEMRA cells, but generally the number of highly differentiated T cells was independent of NK cell expansion. The median value is indicated for every group 2005; Gillespie et al. 2000) . It has been suggested that this would lead to an impaired capacity to respond to other pathogens, and CMV infection has been shown to reduce the CD8 T cell response to a coinfection with EpsteinBarr virus (Khan et al. 2004) . The effect of CMV on the NK compartment might, however, be different. Studies of HIV and hantavirus infections indicate that previous exposure to CMV might have a priming effect on the NKG2C + NK population leading to a more efficient expansion upon additional viral encounters (Bjorkstrom et al. 2011; Guma et al. 2006b ). Also in patients infected with hepatitis B or C, expansion of NKG2C + NK cells seems to be dependent on CMV infection (Beziat et al. 2012 ). Whether or not the expansion and terminal differentiation of NK cells is beneficial to the host during these clinical conditions or not remains to be established. It appears, however, as if NK cells are able to cope with CMV viremia, since resolution of infection in a patient with T and B cell SCID, correlated closely with the expansion/contraction of NKG2C + NK cells (Kuijpers et al. 2008) .
Infection with CMV has profound and long-lasting effects on many parts of the immune system. Our data suggest that changes in the T cell and NK cell compartments occur independently from each other, underlining the complex nature of this virus-host interaction shaped during millions of years of coevolution. In order to understand the implications of CMV infection at an individual or population level, it is important to study and combine many different aspects of the immune system. The IRP is one way to identify persons at risk that has been shown to be useful in the elderly, predicting increased 2-year mortality. However, IRP possibly could be combined with other parameters to create a more complex "immune score," as suggested by others (Davis 2008) , in which clonal-like expansion of NK cells might be one important factor. In particular, it will be interesting to test whether individuals that display alterations in both the innate and adaptive arm of immunity have an even higher risk for increased mortality and whether expansions of NK cells rather can act protective and unburden the adaptive response in controlling CMV infection.
